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The doctor will determine the risk level of childhood obesity by using 
standard calculations, namely measuring the child's weight and height, and 
many other factors. Then the doctor will calculate the child's body mass 
index (BMI). The results of calculations made by the doctor will be 
compared with standard/normal values set by FAO/WHO, to obtain the level 
of risk of obesity in children. This study aims to analyze the risk level of 
obesity in children using the Sugeno method of Fuzzy Inference system, 
using the trapezoidal membership function and involving six input variables 
such as exercise habits, consumption of fast food, history of obesity of 
parents, and others. The application of the fuzzy inference system Sugeno 
method can help doctors to analyze the risk level of childhood obesity 
quickly and accurately with an accuracy rate of 85%. The results of the 
implementation of the Sugeno method of Fuzzy Inference system showed 
that out of 140 children who were the object of the study, 119 children 


received a diagnosis of the level of risk of obesity which was the same as the 
diagnosis made by a doctor. 
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1. INTRODUCTION 

Obesity is one of the problems in the world of health which is better known as obesity [1], [2] 
without realizing it, the risk of obesity in children is getting higher with the ease of getting fast food such as 
burgers, pizza, soft drinks and junk food that are available in food outlets [3], [4]. Obesity is a condition of 
excessive weakness in the body which is often expressed in terms of fat or overweight [2], [5] overweight 
reaches 20% of the standard bodyweight. Obesity also occurs as a result of an imbalance between the amount 
of incoming energy and that required by the body for various biological functions such as physical growth, 
development, and activity [6], [7]. 

Obesity in children can have an impact on the development of the child as a whole, the physical 
impact that can occur, such as type 2 diabetes mellitus [8], [9], high blood pressure, cholesterol in the blood 
which can form plaque in arteries [10] which can lead to heart attacks or strokes [11]. Meanwhile, the 
psychological impact, such as experiencing bullying or oppression and loss of self-esteem that causes 
feelings of hopelessness and results in depression. In addition, being overweight can also result in a decrease 
in the level of intelligence of children, this is because the activity and creativity of children are decreased and 
tend to be lazy. The doctor will determine the level of risk of obesity in children by measuring the child's 
weight and height, then the doctor will calculate the body mass index (BMI) [12]. These results will be 
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compared with standard/normal values. BMI can be applied to a group of people to determine a trend, or it 
can be applied individually. When applied to individuals, only one of several assessments is used to 
determine the risk of weight-related disease [13]. 

Although the problem of obesity is important, unfortunately, there is no automatic system developed 
to help doctors determine the level of risk of obesity in children. The process of determining the risk of 
obesity in children has been done manually by doctors using direct methods or manual calculations based on 
standard guidelines, namely measuring the child's height and weight to obtain the BMI value with the 
formula BMI= body weight (kg) divided by height (m) x height (m) then proceed by calculating the values 
for the other supporting variables, This, of course, will take a long time and even make mistakes in doing 
calculations. So this research needs to be done to make it easier for doctors to carry out the calculation 
process quickly and precisely, by applying the Sugeno fuzzy inference system method which can perform the 
calculation process automatically through the Matlab application. 

The purpose of this study is how to see the success of the application of the Sugeno fuzzy inference 
system in determining the level of risk of obesity in children, as for reasons uses the Fuzzy Sugeno inference 
system because the technique can approach reasoning, especially in systems that deal with problems that are 
difficult to define using mathematical models. Fuzzy Sugeno has also been shown to provide excellent results 
when applied in various cases, for example a study conducted by [14] in evaluating kidney function, then a 
study conducted by [15] on diagnosing liver disorders, then [16] conducted a study on the diagnosis of 
hepatitis B. The fuzzy inference system has also been used by [17], [18] in his research to detect diabetes 
mellitus and diagnose colorectal cancer. 


2. RESEARCH METHOD 
2.1. Research framework 

An explanation of each stage of the research that will be carried out from the beginning of the 
research to the end of the study will be described in the form of a research framework as shown in Figure 1. 


Start research Data retrieval Do the fuzzification 


Define variables and 


membership functions Researchresult 


Study ofliterature 


Discussion with experts 


Define fuzzy rules for 
each input and output 
variable 


Researchis complete 


Figure 1. Research framework 


2.2. Method of collecting data 

Researchers obtained data for this study using of direct observation and interviews with experts, 
namely the pediatricians at the Dumai City Hospital. The results of this interview obtained the factors that are 
used as a basis for consideration to determine the level of risk of obesity in children, as well as how to do 
manual calculations using a child's body mass index (BMI) by doctors. These results will be compared with the 
standard/normal values set by FAO/WHO. The data for this study are primary, obtained directly from 
pediatricians in the form of Ms. Excel. The sample data used in this study were 140 children who had consulted 
with a pediatrician at the Dumai City Hospital and had received a diagnosis of the level of risk of obesity. 


2.3. Research tools 

The implementation of the Sugeno method of fuzzy inference system will involve six input variables 
which are antecedents and one output variable which is a consequence. The variables involved in this study 
refer to the results of consultations with pediatricians and refer to research conducted by [10], [19]-[20], the 
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membership function that will be used in this study is an up and down linear membership function for gender 
variables and a history of parental obesity [21]-[22]. While the trapezium membership function is used for 
BMI variables, exercise habits, fiber consumption, and fast food. The variables and membership functions 
used in this study can be seen in Table 1. 


Table 1. Variables and fuzzy sets 


Function Variable Category Domain 
Thin [0-15] 

BMI Normal [12-26] 

Fat [22-26] 

erage Male [0-100] 


Female [50-100] 
There is no [0-100] 


Parental history of obesity There is [50-100] 


Input Often 0-40] 
Sports habit Rarely [10-100] 
Never [70-100] 
Lots 0-40] 
Consumption of fiber A little [10-100] 
Thereisno [70-100] 
Consumption Never 0-40] 
Fast food Rarely [10-100] 
Often [70-100] 
Low 0-40] 
Output Obesity risk level Medium [10-100] 


High [70-100] 


2.4. Fuzzy logic 

This study used the Sugeno method of fuzzy logic [23]-[25], or better known as the Sugeno model 
fuzzy inference systems and abbreviated as Takagi-Sugeno-Kang Models (TSK) Models [26], [27]. Fuzzy 
inference systems (FIS), often referred to as fuzzy inference engines, are systems that are capable of 
reasoning with principles similar to human reasoning, namely reasoning with instincts. Fuzzy is based on 
three components, namely basic command, database and, reasoning mechanisms. The basic rule consists of 
antecedent and consequent [28], with the rule If A is antecedent then B is Consequent. Before the existence 
of fuzzy logic theory, the system had strict logic in the form of true and false values. After the existence of 
the fuzzy theory, a fuzziness value appears, which is a value that is between right and wrong, fuzzy has the 
advantage of solving problems that contain uncertainty and partial truth [29]. This means that a situation can 
have two values at the same time, but the value depends on the membership weight it has. Fuzzy logic has a 
set that can be represented in the form of a membership function. 

The membership function is a curve that shows the mapping of input data points into a value 
called the degree of membership, where the value is between 0 and 1. This membership value is the result of 
the operation of two sets, also known as o—predicate. This two-set operation process will use three basic 
operators according to [14], [30], [31]: 

- AND operator, with the form hANB=Min (uA [X], uB [Y]). 
- OR operator, with the form hAUB=Max (uA [X], uB [Y]). 
- NOT operator, with the form WA '=1 - pA [X]. 


3. RESULTS AND DISCUSSION 
3.1. Variable defining stages 

Sugeno fuzzy inference system will provide results or output after doing the variable definition 
stage. Research in determining the level of risk of obesity in children, researchers used six input variables, 
namely: 
- Input variable with trapezoid curve [32], [33] also uses trapezoidal curves in his research. 

Body mass index (BMI) is a measure used to assess the proportionality of the ratio between a 
person's height and weight, to find out the BMI value, it can be calculated using the following formula: 

BMI = (Weight (Kg))/(Height (m)*Height (m)) 

The BMI variables, habits sport, fiber consumption, and fast food consumption consist of three sets. 
Using fluctuating curves. Figure 2 (a)-(d) is a representation of each of the membership functions of each 
variable sequentially. The BMI membership function is represented using a trapezoidal curve. 
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(a) 


Lots A Little There Is No 


(d) 


Figure 2. Representation of the trapezoidal curve membership function, (a) Variable BMI, (b) Variable sports 
habit, (c) Variable consumption of fiber, and (d) Variable consumption fast food 


- Input variable, with an up and down curve 

Variable gender and parental history of obesity uses a descending and ascending curve consisting of 
two fuzzy sets, Figure 3 (a) is a membership representation of the gender variable and Figure 3 (b) is a 
membership representative of the history of parental obesity. 
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Figure 3. Representation of an up and down curve membership function, (a) Variable gender and (b) Variable 
parental history of obesity 


3.2. Stage determining rule (inference) 

Rule formation is the process of defining the relationship between each membership function used 
[34]-[35], based on the unit of reasoning in fuzzy inference in the form if x is A and y is B then z is C. At this 
stage, the researcher combines the fuzzy sets skinny, normal, fat, male, female, not available, available, often, 
rarely, never, many, little, none, low, medium, high, of the seven variables, 256 rules are obtained. 


3.3. Manual calculation stages 

The following is data from the sample of the first child used in the study, namely as follows: name: 
Ist patient, gender: female, weight: 21 kg, height: 127 cm, parental history of obesity: there is no sports habit: 
rarely, fiber consumption: a little, consumption of fast food: rarely 
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The BMI value for Patient 1 is 

BMI variable membership degree 13.0200260401. Then the 
membership value of the fuzzy BMI set with membership 
degrees of 13.0200260401 can be found by: 
LgmyThin[13.0200260401] = 0.659991319967 
LUgm:Normal[13.0200260401] = 0.340008680033 
LUpm;Fat[13.0200260401] = 0 


Degree of membership of the female gender variable is (100). 
Then the membership value of the gender fuzzy set is: 

u_ (sex_ sex) male [100] =0 

u_ (sex_ sex) female [100] = 1 


Degree of membership of the rare sports habit variable is (55). 
Then the membership value of the fuzzy sports habits obtained 
are: 

u_ (sports_ habit) often [55] = 0 

u_ (sports_ habit) rarely [55] = 1 

u_ (sports_ habit) never [55] = 0 


Degree of membership variable low fiber 
consumption (55). Then the membership 
value of the fuzzy fiber consumption set 
is: 

u_ (fiber_ consumption) lots [55] =0 

u_ (fiber_ consumption) a little [55] = 1 
u_ (fiber_ consumption) there is no [55] = 
0 

Degree of obesity history variable parents 
none (50). Then the membership value of 
the fuzzy set of parents obesity history 
obtained is: 

u_ROB there is no [50] = 0 

u_ROB there is [50] = 1 

Degree of membership variable low fast 
food (55). Then the membership value of 
the fuzzy fiber consumption set is: 

u_ (fast food) never [55] =0 

u_ (fast food) rarely [55] = 1 

u_ (fast food) often [55] =0 


The values are in the set of low and moderate risk levels of obesity that are between the domains [10] and 


then the results are obtained 


40 — 23.4641666521 


URiskopesity“OW123.4641666521] = rah 


_ 23.4641666521 — 1 


= 0.551194444929 


Ltrisk obesity Medium[23.4641666521] reer 


Lrisk obesity high[23.4641666521] = 0 


= 0.448805555071 


The results of the analysis of the level of risk of childhood obesity on behalf of patient one can be 
seen in Figure 4. From the picture, it can be seen that the level of risk for children is at a low level. 


Low 


Medium 


10 23.464 40 70 


High 


Figure 4. Membership value of patient's 1st obesity risk level 


3.4. Fuzzy Sugeno implementation 


After the data has been prepared, the next step is to carry out the testing process using the Matlab 


application in the form of transforming observational data into variables, transforming observational data into 
seven variables. Inputting fuzzy sets into the application is based on Table 1. Figure 5 (a) is a display of 
fuzzy sets for BMI variables for sports habits, fiber consumption, and fast food consumption which consists 
of 3 sets using trapezoidal curves, while for fuzzy sets for type variables gender and history of obesity of the 
parents consisted of two sets using linear ascending and descending curves, can be seen in Figure 5 (b), while 
Figure 5 (c) is a fuzzy set view for the output variable which consists of three sets. 
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By Membership Function Editor: Untitled2 = o x 


Hd Membership Function Editor: matlap inggris — o x 
File Edit View 


Figure 5. Display of the fuzzy set input and output, (a). Input variable with trapezoid curve, (b). Input 
variable with an up and down linear curve, and (c). Fuzzy set for output variables 
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3.5. Rule establishment and defuzzification 

The formation of basic rules for fuzzy data is done by defining the relationship between the 
membership function and the form of the membership function that will be generated [36], it can be seen in 
Figure 6 (a) then the defuzzification stage, defuzzification is the final stage of a series of fuzzy processes, the 
results of testing using the Average value method the level of risk of obesity in the Ist (first) child with the input 
value as previously described, shows that the results of the Sugeno fuzzy application are the same as the results 
of the doctor's analysis. Figure 6 (b) is the result of using the Fuzzy Matlab Toolbox application. The Figure 6 
(a), (b) shows the same input and output values between manual calculations and calculations using Matlab. 
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Figure 6. Rule establishment and defuzzification, (a) Rule establishment and (b) Result of using the fuzzy 


3.6. Test results 

Testing is done by comparing the results of calculations from the Matlab application using Sugeno's 
fuzzy inference system model with the doctor's diagnosis. Figure 7 shows that the results of the doctor's 
diagnosis are not much different from the results issued by the Matlab application with the calculation of the 
Sugeno fuzzy inference system model. 
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Diagnostic Result Comparison Graph 
Child Obesity Risk Level 
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Figure 7. The results of comparison of diagnosis 


© Doctor's Diagnosis Results 


= Fuzzy Analysis Results 


= Invalid Diagnostic Result 


Based on Figure 7, the level of accuracy in the application of the Sugeno fuzzy inference system can 
be found, with the results: 
= (number of accurate data / total samples) * 100% 
= (119/140) * 100% = 87.5% 

The test results show that the application of fuzzy logic to determine the level of risk of obesity in 
children can run well. 


4. CONCLUSION 

The results showed that the application of the Fuzzy Sugeno Inference System can make it easier for 
doctors to carry out the calculation process and obtain the analysis of the risk level of childhood obesity more 
quickly and accurately because doctors simply input the value of the six variables which are determinants of 
the risk level of obesity in children, while the variables used are BMI, gender, parental history of obesity, 
sports habit, consumption of fiber, consumption, fast food. The value of the six variables will be entered into 
the Input column, then Matlab will process the values of the six input variables, then Matlab will 
automatically issue the results of the risk level for child obesity. The assessment of the risk level of obesity is 
carried out specifically for elementary school children aged 7-12 years. 

The Matlab application can be used to analyze the level of risk of obesity in children; this is 
evidenced by the results of the calculation of the validity level showing the number 87.5%. Where 119 
children have the same risk level of obesity as the results of manual doctor analysis, to be able to use the 
Fuzzy Sugeno Inference System, doctors need to be given training. 
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